EP 0 616 892 A2

European Patent Office
0 @ Publication number: 0 61 6 892 A2

®

Office européen des brevets

EUROPEAN PATENT APPLICATION

Application number: 93117895.8 @ Int. 1.5 B41J 2/14

Date of filing: 04.11.93

® | ® ® 6

Priority: 24.03.93 US 36302 @ Applicant: HEWLETT-PACKARD COMPANY
3000 Hanover Street
Date of publication of application: Palo Alto, California 94304-1181 (US)

28.09.94 Bulletin 94/39
@ Inventor: Hock, Scott W.
Designated Contracting States: 12187 Eastbourne Road
DEFRGBIT San Diego, CA 92128 (US)

®

Representative: Liesegang, Roland, Dr.-Ing. et
al
FORRESTER & BOEHMERT
Franz-Joseph-Strasse 38
D-80801 Miinchen (DE)

@ Barrier alignment and process monitor for TlJ printheads.

@ A thermal ink jet printhead formed of a silicon

substrate (11), a thin film resistor layer (13) disposed 2/

on the silicon substrate, a patterned metallization /& //97
layer (15) disposed on the thin film resistor layer for = /5
defining a plurality of ink firing resistors (16) in the /3
resistor layer, and a barrier layer (19) overlying the r——— /)

resistor layer and the metallization layer and having

firing chamber openings (21) formed therein. The

metallization layer further includes a reference target

pattern (51), and the barrier layer further includes a I
reference opening (53) overlying the target reference

pattern which is configured such that the alignment

of reference opening relative to the target reference

is representative of the alignment of the respective F/G . /
firing chamber openings relative to the associated

underlying ink firing resistors.

Rank Xerox (UK) Business Services
(3.10/3.09/3.3.4)



1 EP 0 616 892 A2 2

BACKGROUND OF THE INVENTION

This invention relates generally o the art and
technology of thermal ink jet printing and more
particularly to a new and improved thin film resistor
(TFR) printhead architecture and geometry which is
used in the manufacture of disposable thermal ink
jet (TIJ) pens.

In the design of the thin film resistor printheads
used in the manufacture of thermal ink jet pens, it
has been a common practice to photolithog-
raphically define and electrically interconnect a plu-
rality of heater resistors, such as those made of
tantalum aluminum, on a thin film substrate and
then construct a corresponding plurality of aligned
firing chambers and associated orifice openings
above and adjacent to the heater resistors. These
firing chambers and orifice openings are used in
ejecting ink from a region within the firing cham-
bers and above the heater resistors and onto a
print medium. As is well known, these firing cham-
bers have commonly been constructed of a se-
lected polymer material disposed on the TFR sub-
strate and on top of which an orifice plate such as
a gold plated nickel material is disposed and
aligned with respect to the firing chambers. The
polymer barrier layer is also photolithographically
defined so as to have a predetermined firing cham-
ber geometry and pattern adjacent to which an ink
feed channel or port is used to fluidically connect
each firing chamber with a source of ink supply.

In operation, electrical drive pulses are selec-
tively applied to conductive traces leading into the
various heater resistors situated in the bottom of
each firing chamber to thereby heat the ink fo
boiling in each firing chamber and above each
heater resistor. This resistor firing in turn produces
a vapor bubble and a corresponding pressure field
within the firing chamber used for thermally ejec-
ting ink onto an adjacent print medium.

In one general architecture of firing chambers,
the cross-sectional geometry of the firing chambers
defined by the walls of the polymer barrier located
between the thin film resistor substrate and the
orifice plate was partially rectangular in shape and
of a three sided wall construction. The firing cham-
bers and ink flow ports connected thereto function
not only to define an ink flow path and ink firing
chamber for each heater resistor, but this architec-
ture also serves to fluidically isolate adjacent heater
resistors and thereby minimize undesirable cros-
stalk therebetween.

Examples of the above three sided rectangular
shaped barrier layer geometries are those used in
the three color disposable pen adapted for use in
Hewlett Packard's PaintJet thermal ink jet printer.
This disposable pen and the PaintJet thermal ink
jet printer in which it has been successfully used
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are described in further detail in the Hewlett Pac-
kard Journal, Volume 39, No. 4, August 1988, in-
corporated herein by reference. The general ar-
chitecture of the orifice plate and ink feed geome-
try for the above PaintJet pen is also described in
U.S. Patent No. 4,771,295, issued to Jeffrey P.
Baker et al., assigned to the present assignee and
also incorporated hereby by reference.

The three-sided firing chambers are commonly
utilized with rectangularly shaped heating resistors
which are typically positioned with their edges with-
in the enclosed region defined by the downward
extension of the chamber walls.

Whereas the above Hewlett Packard thermal
ink jet pen designs of three-sided barrier layer and
firing chamber construction have performed quite
satisfactorily under most conditions of operation,
there are nevertheless certain situations where the
above three-sided rectangular-shaped barrier layer
designs have not been fotally suitable for produc-
ing acceptably uniform ink drop volumes, printed
dot and line uniformity and a corresponding ac-
ceptable print quality, particularly during sustained
high frequency operation of the thermal ink jet pen.
It is the solution to this problem to which the
present invention is directed.

SUMMARY OF THE INVENTION

In accordance with the present invention, it has
been discovered that precise close spacing be-
tween (a) the firing chamber center wall that is
opposite the chamber opening and (b) the cor-
responding edge of the underlying heater resistor
produces a significant improvement in the uniform-
ity and consistency of ink drop volumes being
ejected from these firing chambers and associated
orifice openings. This in turn resulis in a significant
improvement in overall print quality. It is believed
that the above previously unacceptable variations
in printed dot size and corresponding drop volume
produced by the earlier described thermal ink jet
pens resulted from the fact that residual air from
the vaporized fluid unnecessarily accumulated in
the gap between the firing chamber center wall the
corresponding resistor edge of the earlier designed
firing chambers.

When a thermal ink jet drop generator design
allows the residual air and gases from previous
printing cycles to accumulate adjacent a heater
resistor surface, this air and gas will provide low
temperature nucleation sites on the heater resistor
that will alter the time into the drive pulse width
that ink vaporization begins. This alteration in furn
will vary the pressure delivered to the ink being
ejected from the printhead. Because ink drop vol-
ume surging within an ink firing chamber dimin-
ishes as the thermal ink jet firing frequency is
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reduced, it has been concluded that this alteration
results from some time dependent process that
diminishes after drop ejection, and the re-dissolu-
tion process of the residual air left over from the
bubble vaporization process is such a time depen-
dent process.

Accordingly, the general purpose and principal
object of the present invention is to significantly
improve the uniformity of ink drop volumes and
corresponding dot and line sizes during thermal ink
jet printing in both the text and graphics modes in
order to improve the overall print quality of the
hardcopy output. This purpose and object are
achieved and accomplished by, among other
things, providing a visual target which allows for
precise determination of the spacing between the
edges of the firing resistors and the corresponding
edges of the ink firing chambers formed in the
barrier layer overlying the thin film resistor sub-
strate.

An orifice plate is disposed on top of the bar-
rier layer and has a corresponding plurality of ori-
fice openings, with one orifice opening being
aligned, respectively, with each firing chamber for
ejecting uniform-volume ink drops therefrom during
an ink jet printing operation.

Another object of this invention is to provide a
new and improved thermal ink jet printhead of the
type described wherein significant improvements in
high frequency performance and resulting print
quality can be achieved using as a minimum of
process and design modifications to existing ther-
mal ink jet printhead manufacturing processes and
TIJ pen designs.

Another object is to provide a new and im-
proved thermal ink jet printhead of the type de-
scribed wherein the drop ejection stability and
drop-to-drop consistency has been significantly im-
proved with respect to known prior art TIJ pen
designs.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages and features of the disclosed
invention will readily be appreciated by persons
skilled in the art from the following detailed de-
scription when read in conjunction with the drawing
wherein:

FIG. 1 is a schematic sectional perspective illus-

trating a portion of a thermal ink jet printhead in
which the disclosed invention can be imple-
mented.

FIG. 2 is a schematic partial top plan view of

thermal ink jet printhead of FIG. 1.

FIG. 3 is a top plan view of a target pattern
formed in the metallization layer of the thermal
ink jet printhead of FIG. 1 in accordance with the
invention.
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FIG. 4 is a top plan view of the target pattern of
FIG. 3 and a reference opening in the barrier
layer of the thermal ink jet printhead of FIG. 1
for an example of a particular alignment be-
tween the metallization layer and the barrier
layer, and a particular development of the bar-
rier layer.

FIG. 5 is a top plan view of the target pattern
and the reference opening for another example
of alignment and development conditions.

FIG. 6 is a top plan view of the target pattern
and the reference opening for yet another exam-
ple of alignment and development conditions.
FIG. 7 is a top plan view of the target pattern
and the reference opening for a further example
of alignment and development conditions.

FIG. 8 is a top plan view of the target pattern
and the reference opening for another example
of alignment and development conditions.

FIG. 9 is a top plan view of the target pattern
and the reference opening for yet another exam-
ple of alignment and development conditions.
FIG. 10 is a top plan view of the target pattern
and the reference opening for still another ex-
ample of alignment and development conditions.
FIG. 11 is a top plan view of the target pattern
and the reference opening for a further example
of alignment and development conditions.

FIG. 12 is a top plan view of the target pattern
and the reference opening for another example
of alignment and development conditions.

FIG. 13 is a top plan view of the target pattern
and the reference opening for a final example of
alignment and development conditions.

DETAILED DESCRIPTION OF THE DISCLOSURE

In the following detailed description and in the
several figures of the drawing, like elements are
identified with like reference numerals.

Referring now to FIGS. 1 and 2, schematically
depicted therein is an implementation of a thermal
ink jet printhead in which the disclosed invention
can be implemented. The printhead of FIG. 1 in-
cludes a silicon substrate 11 having a resistor layer
13 and a metallization layer 15 disposed thereon.
In accordance with known techniques, the metal-
lization layer 15 is patterned to include a resistor
pattern that defines the dimensions and locations of
ink firing resistors 16 in the resistor layer. A pas-
sivation layer 17 is disposed over the metallization
layer 15, and a polymer barrier layer 19 is dis-
posed over the passivation layer 17. The polymer
barrier layer 19 includes a pattern of openings 21
that comprise a plurality of ink firing chambers at
locations that overlie the ink firing resistors 16.

The polymer barrier layer 19 can be formed
from a polymeric material using known photolithog-
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raphic masking and etching processes to define
the firing chambers 21 which overlie respective ink
firing resistors formed in the resistor layer 13. Each
firing chamber includes one open side that is con-
nected to an ink feed channel 23 which extends to
an ink feed slot 25 that extends through the thin
film layers and the silicon substrate 11.

In the complete thermal ink jet printhead, a
nozzle plate of conventional construction and fab-
ricated typically of gold plated nickel is disposed
on the upper surface of the polymer barrier layer
19, but is not shown for clearer illustration of the
invention. Such nozzle plate includes a plurality of
ink ejecting nozzles disposed over the ink firing
chamber openings 21.

Examples of thermal ink jet printhead construc-
tion are shown in the Hewlett Packard Journal,
Volume 39, No. 4, August 1988, incorporated here-
in by reference, and also in the Hewlett Packard
Journal, Volume 36, No. 5, May 1985, also incor-
porated herein by reference.

Referring now to FIG. 3, set forth therein is a
top plan view of a reference target pattern 51 that
is included in the metallization pattern of the metal-
lization layer 15 in accordance with the invention.
Prior to installation of a nozzle plate on the prin-
thead structure of FIG. 1, the reference target 51 is
viewable through a target reference opening 53
formed in the barrier layer over the reference target
pattern 51, as illustrated in FIGS. 4-14, since the
passivation layer 17 is relatively transparent. The
pattern of openings in the polymer barrier layer 19,
including the firing chamber openings and the ref-
erence opening, is made pursuant to a barrier layer
mask and the pattern of the metallization layer 15
is made pursuant to one or more of masks, for
example. Such masks are designed to produce a
metallization layer pattern and a barrier layer pat-
tern that have a fixed geometrical relation relative
to each other in two orthogonal dimensions that are
parallel to the planar orientation of the top of the
printhead, and the reference target 51 is configured
fo indicate misalignment or improper development
of the barrier layer 19 by its relation to the edges
of the target reference opening 53. Since the pat-
tern of the metallization layer defines the locations
and dimensions of the ink firing resistors and since
the pattern of the barrier layer defines the locations
of the firing chambers, the alignment of the ink
firing resistors relative to the firing chambers can
be detected from the relation between the refer-
ence target 51 and the reference opening 53.

By way of illustrative example, a reference
target and an associated reference opening can be
located near one corner of an integrated circuit die
in which the printhead is implemented, and another
reference target and an associated reference open-
ing can be located near a diametrically opposite
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corner of the integrated circuit die. In this manner,
rotational misalignment can be detected by com-
paring the targets.

As shown in FIGS. 4-13, the target reference
opening 53 can be substantially similar to the firing
chamber openings 21, for example, and includes
three walls 53a, 53b, 53c that form three sides of a
rectangle in plan view. Thus, the walls 53a, 53c are
of the same length and are parallel to each other,
while the wall 53b can be of a different length and
is orthogonal to the walls 53a, 53c. For ease of
reference the walls 53a, 53c are conveniently
called side walls 53a, 53c, and the wall 53b is
conveniently called the back wall or the third wall.
An ink flow opening is formed opposite the cen-
trally located back wall in accordance with conven-
tional printhead designs.

Referring again in particular to FIG. 3, by way
of illustrative example, the reference target 51 com-
prises a parallelogram shaped central region 151
having four vertexes, three of which are located at
the respective centers of imaginary line segments
153a, 153b, 153c that correspond to the desired
locations of the three walls 53a, 53b, 53c of the
reference opening 53 which is illustrated in FIGS.
4-13. Thus, the angles at the vertexes of the par-
allelogram shaped central region 151 are centered
on lines that are perpendicular to the imaginary line
segments 153a, 153b, 153c¢ that correspond to the
desired locations of the three walls. The reference
target 51 further includes four outboard triangular
areas formed by extensions of lines that form the
sides of the parallelogram shaped central region.
Three of the outboard triangular areas are adjacent
the three imaginary line segments 153a, 153b,
153¢ that underlie and correspond to the desired
locations of the walls 53a, 53b, 53c of the refer-
ence opening 53, and are respectively identified by
the reference numerals 51a, 51b, 51c.

In essence, associated with each of the three
walls 53a, 53b, 53c of the reference opening 53 is
a sub-pattern that comprises an inboard triangular
area and an outboard triangular area having a com-
mon vertex, wherein each friangular area is formed
by two line segments that cross at the center of the
imaginary line segment that corresponds to the
desired location of the wall, wherein the smaller
included angle formed by a line segment and the
imaginary line segment crossed thereby is the
same for both line segments. Thus, as o each
triangle, the angle between one edge of the triangle
and the portion of the wall reference immediately
adjacent thereto is equal o the angle between the
other edge of the friangle and the portion of the
wall reference immediately adjacent thereto. Stated
another way, the triangles at each imaginary line
segment are oriented such that the line that bisects
the included angles of their common vertex is
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perpendicular to the wall reference segment.

The reference target pattern 51 and the refer-
ence opening 53 are generally utilized as follows.
An integrated circuit printhead is manufactured at a
particular alignment between (a) the metallization
masks which define locations of the ink firing resis-
tors 16 and the reference target pattern 51 and (b)
the barrier layer mask that defines the firing cham-
ber openings 21 the reference opening 53. The
alignment between the reference target pattern 51
and the overlying reference opening 53 is then
optically examined, for example by use of a video
microscope whose output is provided to a video
monitor for analysis by human vision, or whose
output is provided to an optical analyzer for analy-
sis by electronic means. As described more fully
herein, the particular alignment between the three
walls 53a, 53b, 53c of the reference opening 53
and the reference target 51 is indicative of whether
the metallization layer mask and the barrier layer
mask are properly aligned, the amount of any mis-
alignment, and whether the barrier layer was prop-
erly developed.

Referring now to FIGS. 4-13, set forth therein
are respective schematic top plan views of the
reference target 51 and the overlying reference
opening 53 as they would appear for different com-
binations of alignment and development of the bar-
rier layer. The particular conditions are indicated by
the lengths and locations of tell tale line segments
A, B, C which are the intersections of the down-
ward projections of the reference opening walls
53a, 53b, 53c onto the target pattern 51. For refer-
ence, the direction of any misalignment of the
barrier layer will be stated relative to rectilinear
coordinate system represented by X and Y axes
included in the figures. Generally, the development
condition is detected from the locations of the
opposite line segments A and C, the X alignment
condition is detected from the relative lengths of
the opposite line segments A and C, and the Y
alignment condition is detected from the location
and length of the line segment B as well as from
the development condition detected from the loca-
tions of the line segments A and C.

Referring in particular to FIG. 4, the tell tale
line segments A, B, C are points on the vertexes
151a, 151b, 151¢c of the pattern, which indicates
proper alignment and proper development of the
barrier layer.

In FIG. 5 the tell tale line segments A, B, C are
of equal length and outboard of the vertexes 151a,
151b, 151c. Since the tell tale line segments are of
equal length, alignment is indicated to be proper.
Since the tell tale line segments are outboard of
the vertexes, the barrier layer was overdeveloped;
i.e., the openings in the barrier layer were made
oo large.
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In FIG. 6, the tell tale line segments A, B, C are
of equal length and inboard of the vertexes 151a,
151b, 151c. Since the tell tale line segments are of
equal length, alignment is indicated to be proper.
Since the tell tale line segments are inboard of the
vertexes, the barrier layer was underdeveloped;
i.e., the openings in the barrier layer were made
too small.

In FIG. 7, the opposing tell tale line segments
A and C are points on the vertexes 151a and 151c,
while the tell tale line segment B is outboard of the
vertex 151b. Since the tell tale line segments A and
C are points on the vertexes 151a and 151c, proper
development is indicated. Since development is
proper and the tell tale line segment B is outboard,
the barrier layer is misaligned in the +Y direction.
In other words, the barrier layer mask needs to
moved in the -Y direction relative to the metal
masks.

In FIG. 8, the opposing tell tale line segments
A and C are points on the vertexes 151a and 151c,
while the tell tale line segment B is inboard of the
vertex 151b. Since the tell tale line segments A and
C are points on the vertexes 151a and 151c, proper
development is indicated. Since development is
proper and the tell tale line segment B is inboard,
the barrier layer is misaligned in the -Y direction. In
other words, the barrier layer mask needs to
moved in the +Y direction relative to the metal
masks.

In FIG. 9, the tell tale line segment A is inboard
of the vertex 151a, the tell tale line segment B is a
point on the vertex 151b, and the tell tale line
segment C is outboard of the vertex 151c and of
the same length as the tell tale line segment A.
Since the tell tale line segment A and C are of the
same length, development is proper. Since devel-
opment is proper and the tell tale line segment B is
a point on the vertex 151b, the barrier layer is
misaligned in the +X direction. In other words, the
barrier layer mask needs to moved in the -X direc-
tion relative to the metal masks.

In FIG. 10, the tell tale line segment A is
inboard of the vertex 151a, the tell tale line seg-
ment B is a point on the vertex 151b, and the tell
tale line segment C is outboard of the vertex 151c
and of the same length as the tell tale line segment
A. Since the tell tale line segment A and C are of
the same length, development is proper. Since
development is proper and the tell tale line seg-
ment B is a point on the vertex 151b, the barrier
layer is misaligned in the -X direction. In other
words, the barrier layer mask needs to moved in
the + X direction relative to the metal masks.

In FIG. 11, the tell tale line segment A is
inboard of the vertex 151a, the tell tale line seg-
ment B is outboard of the vertex 151b, and the tell
tale line segment C is outboard of the vertex 151c
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and of the same length as the tell tale line segment
A. Since the tell tale line segment A is inboard of
the vertex 151a and the tell tale line segment B is
outboard of the vertex 151b, and since the tell tale
line segments A and C are of the same length,
development is proper. Since development is prop-
er and the tell tale line segment A is inboard of the
vertex 151a, the barrier layer is misaligned in the
+ X direction. Since the development is proper and
the tell tale line segment B is outboard of the
vertex 151b, the barrier layer is also misaligned in
the +Y direction.

In FIG. 12, the tell tale line segment A is
outboard of the vertex 151a, the tell tale line seg-
ment B is outboard of the vertex 151b, and the tell
tale line segment C is outboard of the vertex 151c
and has a greater length than tell tale line segment
A. Since the line segments A and C are both
outboard of their respective vertexes, the barrier
layer is over developed. Since the tell tale line
segment C is greater in length than the tell tale line
segment A, the barrier layer is misaligned in the
+ X direction. Whether there is an Y axis misalign-
ment is determined by determining the amount of
X axis misalignment, for example by electronically
moving the image of edges of the reference open-
ing until the segments A and C equal in length.
The amount of overdevelopment can then be cal-
culated from the length of the new segments A and
C, and the length of B can be reduced by the
amount of overdevelopment to arrive at the Y axis
alignment condition.

In FIG. 13, the tell tale line segment A is
inboard of the vertex 151a, the tell tale line seg-
ment B is inboard of the vertex 151b, and the tell
tale line segment C is inboard of the vertex 151c
and has a shorter length than tell tale line segment
A. Since the line segments A and C are both
inboard of their respective vertexes, the barrier
layer is under developed. Since the tell tale line
segment C is shorter in length than the tell tale line
segment A, the barrier layer is misaligned in the -X
direction. Whether there is an Y axis misalignment
is determined by determining the amount of X axis
misalignment, for example by electronically moving
the image of edges of the reference opening until
the segments A and C equal in length. The amount
of under development can then be calculated from
the length of the new segments A and C, and the
length of B can be reduced by the amount of
underdevelopment to arrive at the Y axis alignment
condition.

The foregoing has been a disclosure of thermal
ink jet printhead that includes a visual target which
allows for precise determination of the spacing
between the edges of the firing resistors and the
corresponding edges of the ink firing chambers
formed in the barrier layer overlying the thin film
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resistor substrate. Pursuant to the precise deter-
mination of the spacings between firing resistor
edges and ink firing chamber edges, such spacings
can be precisely controlled to significantly improve
the uniformity of ink drop volumes and correspond-
ing dot and line sizes during thermal ink jet printing
in both the text and graphics modes which in turn
improves the overall print quality of the hardcopy
output.

Although the foregoing has been a description
and illustration of specific embodiments of the in-
vention, various modifications and changes thereto
can be made by persons skilled in the art without
departing from the scope and spirit of the invention
as defined by the following claims.

Claims

1. A thermal ink jet printhead comprising:

a silicon substrate (11);

a thin film resistor layer (13) disposed on
said silicon substrate;

a metallization layer (15) disposed on said
thin film resistor layer;

a metallization pattern formed in said
metallization layer for defining a plurality of ink
firing resistors (16) in said resistor layer and
for defining a target pattern (51) in said metal-
lization layer, said plurality of ink firing resis-
fors having locations and dimensions defined
by said metallization pattern;

a barrier layer (19) overlying said resistor
layer and said metallization layer; and

a barrier pattern formed in said barrier
layer for defining respective firing chamber
openings (21) disposed over each of the ink
firing resistors and for defining a reference
opening (53) disposed over said target pattern,
said reference opening having a plurality of
connected linear walls which have predeter-
mined intended locations relative to said target
pattern;

said target pattern comprised of a plurality
of sub-patterns (51a, 51b, 51c, 151) respec-
tively associated with said plurality of con-
nected walls, each sub-pattern comprised of
first and second regions that diverge from a
common vertex that underlies the predeter-
mined intended location of the associated wall
of said reference opening;

whereby the alignment of said reference
opening relative to said target is representative
of the alignment of said respective firing cham-
ber openings relative to the associated under-
lying ink firing resistors defined by said metal-
lization pattern in said metallization layer.
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The thermal ink jet printhead of Claim 1
wherein said first and second regions of each
sub-pattern each includes linear sides that di-
verge with distance from their common vertex.

The thermal ink jet printhead of Claim 1
wherein said first and second regions of each
sub-pattern include linear sides formed by line
segments that intersect at the common vertex
of said first and second regions.

The thermal ink jet printhead of Claim 1
wherein said vertexes are respectively cen-
tered relative to the respective predetermined
intended locations of said plurality of connect-
ed walls.

A thermal ink jet printhead comprising:

a silicon substrate (11);

a thin film resistor layer (13) disposed on
said silicon substrate;

a metallization layer (15) disposed on said
thin film resistor layer;

a metallization pattern formed in said
metallization layer for defining a plurality of ink
firing resistors (16) in said resistor layer and
for defining a target pattern (51) in said metal-
lization layer, said plurality of ink firing resis-
fors having locations and dimensions defined
by said metallization pattern;

a barrier layer (19) overlying said resistor
layer and said metallization layer; and

a barrier pattern formed in said barrier
layer for defining respective firing chamber
openings (21) disposed over each of the ink
firing resistors and for defining a reference
opening (53) disposed over said target pattern,
said reference opening having three connected
linear walls that form three walls of a rectangle
and which have predetermined intended loca-
tions relative to said target pattern;

said target pattern comprised of three sub-
patterns respectively associated with said three
connected walls, each sub-pattern comprised
of first and second regions that diverge from a
common vertex that underlies the predeter-
mined intended location of the associated wall
of said reference opening;

whereby the alignment of said reference
opening relative to said target is representative
of the alignment of said respective firing cham-
ber openings relative to the associated under-
lying ink firing resistors defined by said metal-
lization pattern in said metallization layer.

The thermal ink jet printhead of Claim 5
wherein said first and second regions of each
sub-pattern each includes linear sides that di-
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verge with distance from their common vertex.

The thermal ink jet printhead of Claim 5
wherein said first and second regions of each
sub-pattern include linear sides formed by line
segments that intersect at the common vertex
of said first and second regions.

The thermal ink jet printhead of Claim 5
wherein said target pattern comprises a par-
allelogram shaped central region located within
said intended locations, and friangular shaped
regions outside of said intended locations.

The thermal ink jet printhead of Claim 5
wherein said vertexes are respectively cen-
tered relative to the respective predetermined
intended locations of said three connected
walls.
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